Purpose: To describe patient, tumor, and family histories of cancer in a hospital-based cohort of patients with ovarian cancer and to identify the predictive value of these characteristics for (non)carrying a BRCA1 or BRCA2 mutation. Methods: Women diagnosed with invasive ovarian cancer between 1999 and 2003 in the west region of The Netherlands and unselected for age at diagnosis or cancer family history were included. Information was gathered on patient and tumor characteristics; p53; HER-2/neu, and KI-67 protein-expression; BRCA1/2 mutations; and family histories of cancer. Prediction tests were constructed using multivariate analyses. Results: Our study included 85 women (mean age at diagnosis, 57.6 years; standard deviation, 11.0 years). Six of these women had been previously or concurrently diagnosed with another tumor. Of the ovarian cancers, 41 (48.2%) were in an early stage (FIGO I or II). Five pathogenic mutations (6.1%) and six unclassified variants (7.3%) were identified in BRCA1/2; when the total sensitivity of the mutation scanning was taken into account, it was estimated to reflect seven pathogenic mutations (8.5%) and eight unclassified variants (9.8%). Sixty-nine women (81.2%) had at least one relative with cancer. A personal history of breast cancer and a family history of breast, ovarian, or uterine/ endometrioid cancer were found to predict the presence of pathogenic mutations. Conclusion: As the combination of a personal history of breast cancer and a family history of breast, ovarian, or uterine/endometrioid cancer had good predictive value for the presence of a pathogenic BRCA1/2 mutation, the presented prediction test is a useful instrument to identify those women eligible for DNA testing. Genet Med 2007:9(3):173-179.
INTRODUCTION
Ovarian cancer is the sixth most common cancer in women, accounting for 3 to 4% of all cancers in women. It represents approximately 25 to 30% of all cancers of the female genital organs 1 and is the most frequent cause of death from gynecological cancer. 1 In the general population, the incidence of ovarian cancer is estimated at 1.5 per 1000 women per year, with an average age at diagnosis of 60 years. The total lifetime risk to develop ovarian cancer in the general population is 1 to 2%, and the risk of dying of ovarian cancer is estimated at 0.7%. 1 Previous studies showed a crude overall 5-year survival rate of 39%, with median survival of 32 months 2 and crude 5-year survival rates of 82%, 57%, 28%, and 10% for women with FIGO stage IC, II, III, and IV, respectively. 3 Genetic factors may increase the risk of ovarian cancer considerably. Mutations in the breast cancer susceptibility genes BRCA1 and BRCA2 are associated not only with high breast cancer risks, but also with increased risk of ovarian cancer. 4 -7 Estimates of the lifetime ovarian cancer risk in women vary from 22 to 51% for BRCA1 mutation carriers and from 4.1 to 18% for BRCA2 mutation carriers. 6 Higher lifetime risks of developing ovarian cancer have been reported in multiple case families with breast and/or ovarian cancer and in Ashkenazi Jewish women who are mutation carriers. 4, 5, 7 It has been shown that a pathogenic mutation in the BRCA1 or BRCA2 genes could be found in approximately 10% of all patients with ovarian cancer, 8 which indicates that no BRCA1/2 mutations are identifiable in approximately 90% of patients with ovarian cancer.
As BRCA1 and BRCA2 mutations are associated not only with high ovarian cancer risks compared with the general population, but also with high risks of breast cancer, 4 -7 it is important to be able to select those patients who are likely to carry a BRCA1/2 mutation to provide DNA testing. Results of these tests are important not only for follow-up or surveillance strategies for the patient herself, but also for her relatives, both regarding breast cancer screening and possible preventive strategies on breasts or ovaries. In the present study, 85 patients with ovarian carcinoma unselected for age and family history of cancer were screened for the presence of BRCA1 and BRCA2 mutations. Our aim was to identify clinical or histopathological factors or family characteristics that can predict whether a patient with ovarian cancer is a carrier of a BRCA mutation.
PATIENTS AND METHODS

Patients
Patients with a primary diagnosis of epithelial ovarian cancer during the period of January 1999 to September 2003 were included in this study. Every woman with a primary diagnosis of ovarian cancer was asked to participate, but being diagnosed with a borderline tumor was considered an exclusion criterion. Eight different hospitals, all members of the Dutch Comprehensive Cancer Center West (IKW) and located in five cities in the west of The Netherlands (Leiden, Den Haag, Zoetermeer, Gouda, and Leidschendam) provided patients for this study. All patients gave written informed consent. This study was approved by the medical ethics committees of the participating hospitals. The group of participants was compared with the total population of the Dutch Comprehensive Cancer Center West (IKW) registered in the same period, and no differences in age, sex, and tumor characteristics were found. We may therefore conclude that our cohort of women is a representative sample of all women diagnosed with ovarian cancer in the same period.
Patient and tumor characteristics
As therapy, all patients underwent either a staging laparotomy according to the national guidelines or a debulking procedure, depending on the stage of disease. Surgical stage was classified according to FIGO criteria. 9 The epithelial tumors were selected and classified following World Health Organization guidelines: 1 ϭ serous, 2 ϭ mucinous, 3 ϭ endometrioid, 4 ϭ clear cell, 5 ϭ undifferentiated, 6 ϭ extra-ovarian. Patients with unknown tumor type were excluded. After informed consent, a blood sample was taken for DNA analysis. Information concerning patient characteristics and family history of cancer was collected by questionnaires. Information was gathered on age at diagnosis, personal history of cancer, cancer among relatives in the first-(parents, siblings, and children) and seconddegree (grandparents, siblings of the parents, and grandchildren). If relatives had been diagnosed with cancer, their ages at diagnoses were also determined if possible. If no information was received on the presence of cancer in the family, the family history was classified as being absent. The family history of cancer was reported by the index patient only, without clinical confirmation. DNA and tumor blocks of the index patients were then analyzed.
Mutation scanning of BRCA1 and BRCA2
Genomic DNA was extracted from peripheral white blood cells using a salting-out procedure. 10 The entire coding sequences of BRCA1 and BRCA2 were investigated by conformation-sensitive capillary electrophoresis (CSCE). 11 Polymerase chain reaction (PCR) fragments were designed to amplify the coding exons plus 50 bp of intronic sequence at either end of the exon. The maximal PCR fragment size was 400 bp, with multiple fragments covering the larger exons with a minimum of 100-bp overlap. One of the primers in each pair was labeled with FAM, HEX, or NED fluorescent dye (Applied Biosystems). The gene sequence of BRCA1 was divided into 31 PCR fragments, and that of BRCA2 was divided into 48 fragments. PCR products were analyzed on an ABI3100 automated sequencer under specified running conditions. 11 The trace files resulting from these runs were manually checked for the presence of aberrant peak patterns. In addition, all samples were screened specifically for the presence of the two Dutch founder gene rearrangements in BRCA1 by deletion junction PCR. 12 When aberrant peak patterns were observed, the culprit gene fragment was re-amplified and sequenced.
As part of the treatment policy, patients with a highly affected family history were referred to the Department of Clinical Genetics. For those patients (n ϭ 5), mutation testing of BRCA1 and BRCA2 was performed by the Laboratory of Clinical Gene Analysis using a combination of full-sequence analysis and denaturing gradient gel electrophoresis, together covering the entire coding regions of both genes, and multiple ligation-dependent probe amplification to detect large deletions/duplications in BRCA1. 13 Sequence traces were analyzed using Mutation Surveyor 2.02 (Soft Genetics Inc.) and Chromas software (Technelysium). The mutations found were compared with the Breast Cancer Information Core (BIC) database and the Dutch mutation database of the Department of Clinical Genetics, Leiden University Medical Center.
The sensitivity of CSCE has been estimated to be approximately 80%. 11 PCR failure rates averaged 10%; therefore, the overall sensitivity of the entire mutation analysis procedure is estimated at 72%.
Tumor tissue micro-array construction
The patient's archival paraffin-embedded tumor blocks and corresponding hematoxylin and eosin (H&E)-stained tissue sections were collected from the participating hospitals. If tissue sections were not available, fresh sections were cut from the donor blocks and stained with H&E. The areas of highest tumor density were selected on the respective H&E stained sections. Three tissue cores (0.6 mm in diameter) were punched from the designated area using a biopsy needle and assembled into the TMA. 14, 15 Immunohistochemistry Immunohistochemical staining of the tumor tissue was performed by using the streptavidin-biotin-peroxidase complex method (DAKO, Glostrup, Denmark) with the heat-induced antigen retrieval step. Control sections consisted of serial sections from the same blocks that were similarly processed during the experiment. Counterstaining was performed with hematoxylin. Immunoreactivity of p53, HER-2/neu, and KI-67 was quantitatively estimated for intensity (1 ϭ weak, 2 ϭ nor-mal, 3 ϭ strong) and for percentage of positive tumor cells (1 ϭ 0 -25%, 2 ϭ 25-50%, 3 ϭ 50 -75%, 4 ϭ 75-100%).
Statistical analysis
Univariate analyses were performed using Pearson's 2 tests and Fisher's exact test for the categorical variables and using t tests for the continuous variables.
To determine factors or characteristics that may predict the presence of a BRCA1/2 mutation, patients with pathogenic mutation (PM) in BRCA1 or BRCA2 were compared with those patients without such mutations (Comparison 1). As the study population was relatively small, no difference was made between carriers of a BRCA1 and carriers of a BRCA2 mutation. As mutations of the unclassified variance (UV) type may potentially be pathogenic, we re-performed the analyses comparing patients with a pathogenic mutation or an unclassified variant in BRCA1/2 with patients without such mutations (Comparison 2).
All characteristics that showed some association with mutation status in the univariate analyses (P values Ͻ0.100) were included into the multivariate stepwise logistic regression analyses. In this way, two multivariate analyses were performed.
Using the results of the multivariate regression analysis, we developed a prediction test for the above-mentioned comparisons. Sensitivity, specificity, and positive and negative predictive values of these tests were explored.
RESULTS
Patients
The study group consisted of 85 women diagnosed with ovarian cancer. The characteristics of the patients are presented in Table 1 . On average, the patients were 57.6 years (SD 11.0 yr; range, 29 -83 yr) at diagnosis. Of all the patients, 17 women (20.0%) were younger than 50 years of age at diagnosis, and 8 of these were younger than 40 years of age at diagnosis (9.4% of total group). All women were Caucasian.
Patient and tumor characteristics
In six women, another tumor had been diagnosed previously or concurrently; three with breast cancer and three with uterine/endometrioid cancer. Regarding the FIGO classification of the tumors, 29 (34.1%) were classified as stage I, 12 (14.1%) as stage II, 38 (44.7%) as stage III, and 6 (7.1%) as stage IV.
Tumors of all types were found (Table 1) , but most were of the serous type (n ϭ 37; 43.5%), followed by the endometrioid type (n ϭ 22; 25.9%), then the mucinous type (n ϭ 14; 16.5%).
Family history
In total, the 85 women reported 238 first-and second-degree family members with any type of cancer (mean, 2.80; range, 0 -11). Forty-six patients (54.1%) reported at least one first-degree relative with cancer; 23 women (27.1%) had only second-degree relatives with cancer. No relatives with cancer were reported by only 16 women (18.8%). In total, 27 women (31.8%) reported at least one first-or second-degree relative with breast or ovarian cancer: 17 women (20.0%) had relatives with breast cancer, 4 women (4.7%) had relatives with ovarian cancer, and 6 women (7.1%) had relatives with breast cancer and relatives with ovarian cancer. Almost three quarters of the patients did not report relatives with breast or ovarian cancer (n ϭ 58; 68.2%).
Mutations in BRCA1 and BRCA2 genes
In the study group, five PMs (three in BRCA1 and two in BRCA2) and six UVs (three in BRCA1 and three in BRCA2) were identified ( Table 2 ). In 36 women, no variations in the BRCA1/2 genes were detected. In 35 patients, variations classified as polymorphisms were detected in the BRCA1/2 genes. In three patients, no results of the DNA tests could be reported, so these patients were excluded from these analyses. Taking the sensitivity of the mutation analysis (72%) into account, one might expect that the true mutation rate that could be found in our study population should be seven PMs (8.5%) and eight UVs (9.8%); i.e., five PMs divided by 72% makes seven PMs, and six UVs divided by 72% makes eight UVs.
For analysis, the 5 patients with a PM were compared with 77 patients without such mutations. Additionally, the 11 patients with a PM or UV in BRCA1/2 were compared with the 71 patients without such mutations.
Prediction of mutation status
Comparison 1: pathogenic mutations versus nonpathogenic mutations
We were unable to detect statistically significant associations between the presence of a PM and age, FIGO staging, histological type, or any of the tumor markers (p53, HER-2/neu, or KI-67). Patients carrying a PM more often had a tumor of the serous type compared with the patients without PMs (80.0%, n ϭ 4 vs. 41.6%, n ϭ 32; P value 0.113), but this finding was not statistically significant. Moreover, these patients never had a tumor of the endometrioid histological type (0% vs. 27.3%; P value not significant). Patients with a PM more often had a personal history of breast cancer compared with patients without a PM (P value 0.009). Regarding the family history of cancer, PM carriers more often had relatives with breast cancer (60.0% vs. 22.1%; P value 0.091) and relatives with ovarian cancer (40.0% vs. 9.1%; P value 0.090) compared with noncarriers, but this was not statistically significant. PM carriers more often had three or more relatives with breast or ovarian cancer (40.0% vs. 3.9%, P value 0.028).
We found that the combination of four variables [i.e., a personal history of breast cancer (yes ϭ 2, no ϭ 0), breast cancer in the family (yes ϭ 1, no ϭ 0), ovarian cancer in the family (yes ϭ 1, no ϭ 0), and uterine/endometrioid cancer among first-degree relatives (yes ϭ 2, no ϭ 0)] could best predict the presence of a PM. Using a cutoff point of 2, this combination led to a sensitivity of 80% (four of five mutation carriers would be found) and a specificity of 91% (70 of the 77 non-carriers would not be selected for genetic testing) ( Table 3 ). These data show that a patient with a positive test outcome is 25 times more likely to be carrying a PM compared with patients with a negative test outcome (4 of 11 vs. 1 of 70). These data show that, given a negative test outcome, the patient is unlikely to be a mutation carrier (i.e., 1 of 70, thus 1.4%).
Mutation prediction in patients with ovarian cancer
Comparison 2: pathogenic mutations and unclassified variants versus non-carriers
Associations between the presence of a PM or UV and all characteristics are shown in Table 1 .
The combination of three variables [i.e., a personal history of breast cancer (yes ϭ 1; no ϭ 0), the presence of breast cancer in the family (yes ϭ 1; no ϭ 0), and a diagnosis age of 40 years or younger (yes ϭ 1; no ϭ 0)] could best predict the presence of a PM or UV. This combination led to a sensitivity of 82% (9 of 11 PM/UV carriers would be found) and a specificity of 80% (57 of the 71 non-carriers would not be selected for genetic testing) (Table 3 ). These data show that a patient with a positive outcome on this second test is almost 12 times more likely to be carrying a PM or UV compared with patients with a negative test outcome (9 of 23 vs. 2 of 59). These data also show that, given a negative test outcome, a patient is unlikely to be a carrier of a PM or UV (i.e., 2 of 59, thus 3.4%).
DISCUSSION
In this article, we describe a hospital-based cohort of patients with ovarian cancer unselected for age or family history. We present characteristics of these patients and of their families that are associated with the presence of mutations in the BRCA1/2 genes. We found that a personal history of breast cancer and the presence of breast and ovarian cancer or uterine/endometrioid cancer in the family are highly predictive of the presence of a PM, whereas a personal history of family history of breast cancer or young age at diagnosis was highly predictive for the presence of a PM or an UV in the BRCA1/2 genes. Although these characteristics are predictive for the presence of BRCA1/2 mutations, it always remains a possibility that a patient can have no personal or familial characteristics associated with BRCA1/2 mutations and still carry such a PM or UV. However, when the outcomes of the presented prediction tests are negative, it is unlikely that the patient is a carrier of a pathogenic mutation or UV in BRCA1/2 (varying from 1.4 to 3.4%).
We found that 6.1% (n ϭ 5) of our patients were carriers of a PM in the BRCA1/2 genes. The frequency of PMs in BRCA1 (n ϭ 3; 3.7%) was higher than in BRCA2 (n ϭ 2; 2.4%). A difference in mutation prevalence is to be expected when looking at the penetrance of ovarian cancer of pathogenic mutations in BRCA1 versus BRCA2. 6 In addition, we identified six Table 3 Sensitivity, specificity, and positive and negative predictive values of combinations of variables to predict the presence or absence of a mutation PM, pathogenic mutation in BRCA1/2; UV, unclassified variant mutation in BRCA1/2; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; BC, breast cancer; OV, ovarian cancer; UT, uterine/endometrioid cancer.
UVs (three in BRCA1 and three in BRCA2), of which the relation with disease risk is unclear. The mutation frequency of 6.1% for BRCA1/2 as identified in our study seems to be an underestimation. This low estimate is probably the result of the failure of the mutation screening of some gene fragments and the sensitivity of the techniques. As the sensitivity of CSCE has been estimated to be approximately 80% 11 and the PCR failure rates were on average 10%, this frequency should be approximately 8.5%. Furthermore, it might be that some of the detected mutations, which were classified as UV or polymorphisms, are of clinical relevance as well. A meta-analysis of six studies 16 -21 of an unselected series of ovarian cancers indicated that 5.7% (70 of 1236) of all ovarian cancers are associated with germline mutations of BRCA1, whereas four such studies 20 -23 indicated that 3.8% (28 of 738) of all ovarian cancers are associated with germline mutations in BRCA2. 8 Our finding of an estimated mutation frequency of 8.5% is in the range of this meta-analysis. However, the combined figure of 9.5% of the meta-analysis is likely to be an underestimate, as all of the included studies utilized indirect methods for mutation screening. 8 This may be a problem in the current study as well. In more recent studies, higher mutation frequencies were found. 6, 24, 25 Moreover, in our study, under-reporting of mutation frequency may have taken place. For instance, no DNA test results were available for three patients. These three patients all reported a family history of breast cancer; one also a family history of ovarian cancer but no personal history of cancer or family histories of uterine/endometrioid cancer. Based on our own prediction model, one of these three patients should receive BRCA mutation scanning, leading to a 36% chance of finding a PM.
The mean age at diagnosis of our patients ranged from 29 to 83 years, with a mean of 57.6 years. This is comparable to other studies. 26 -28 The carriers of a PM had a slightly higher age at diagnosis compared with the non-carriers (61.9 vs. 57.1 yr), but this difference was not statistically significant. Similar results have been reported in previous studies, showing that the mean age of onset for ovarian cancer was comparable in mutation-positive and -negative families. 21, 29, 30 Others have reported a younger age at diagnosis for BRCA1 mutation families, compared with families without a mutation, whereas no difference was found for BRCA2 mutation carriers. 31 In our cohort, patients carrying an UV were significantly younger at diagnosis compared with all other patients (43.4 vs. 58.5 yr, P ϭ 0.001).
We were unable to find any association between mutation status and the expression of tumor markers such as p53, Her2neu, and K-67. This result is comparable to those of previous studies. 8, 32 we also found no associations between FIGO stage or histological type and mutation status, although most PM carriers had a tumor of the serous type (80%). Previous studies have reported that no mucinous tumors were found in BRCA mutation-positive families. 21, 33 Others, however, found some carriers of BRCA1/2 mutations to be diagnosed with mucinous tumors. 34 We found that 14 patients had a mucinous tumor; 3 of these patients were carriers of UVs in BRCA1 or BRCA2, but no patients with a mucinous tumor type were found to be PM carriers.
We found that the presence of breast and/or ovarian cancer clearly differed between the families of carrier and non-carriers, especially for breast cancer. The average number of firstand second-degree relatives with ovarian cancer was 0.40 for carriers of a PM and 0.10 for the patients without such mutations. The average number of relatives with breast cancer was 1.40 for PM carriers, 1.18 for PM/UV carriers, and 0.24 for the remaining patients. From the literature, it is known that the extent of family history of ovarian and breast cancer is strongly predictive of a BRCA mutation, 26, 35 which is in line with our PM prediction test. Studies have reported that no PMs were detected among patients who reported only one first-or second-degree relative with ovarian cancer. 36 A large English follow-up study reported the ovarian cancer relative risk for families with more than two cases of ovarian cancer in the first degree to be 17.60 compared with the two-case only families. 37 Furthermore, it has been proposed that testing for predisposing mutations is likely to be justified for any family in which two or more close relatives have epithelial ovarian cancer. 38 In our population, however, ovarian cancer was not always present in the family of PM carriers. Our results show that a positive family history of breast cancer, ovarian cancer, or uterine/endometrioid cancer or a personal history of breast cancer is a good predictor for the presence of a BRCA pathogenic mutation. It must be noted, however, that the reported diagnosis of uterine/endometrioid cancer in relatives of the index patients may be cases of misclassified ovarian cancer, as the family history was only reported by the index patient without clinical confirmation.
Mutations in the BRCA1/2 genes predispose women to hereditary breast and ovarian cancer syndrome and increase the lifetime risk of developing breast and/or ovarian cancer. 4 -7 It is estimated that at least 10% of all epithelial ovarian cancers are hereditary, with the BRCA genes contributing to at least 90% of these cases and small percentages attributable to other genes, like HNPCC 39 and perhaps a yet to be discovered susceptibility gene. 8 As germline BRCA1/2 mutations are relatively uncommon among patients with ovarian cancer in the general population, it is very important to identify risk factors that can predict the likelihood of finding these mutations to identify mutation carriers. These actions should be undertaken to counsel mutation carriers and their high-risk family members adequately and to offer DNA testing and surveillance to family members. 26, 40 In this study, we propose a mutation prediction test to identify those patients with a high probability of carrying a pathogenic mutation or unclassified variant in the BRCA1/2 genes (Table 3) : a combined family history of breast and ovarian cancer, or uterine/endometrioid cancer in firstdegree relatives, or a personal history of breast cancer provides an 80% sensitivity of the presence of a pathogenic BRCA1/2 mutation. To be able to use the presented tests, it is necessary to ask each patient for a complete cancer family history.
In summary, BRCA1 and BRCA2 germline mutations were detected in 6.1% of the patients with ovarian cancer in this study population, which is estimated to reflect a frequency of 8.5%. Because ovarian cancer is a serious disease and DNA testing of all ovarian cancer patients is not cost-effective, it is important to identify those women who have a high probability of carrying a pathogenic BRCA1 or BRCA2 mutation. To identify these patients, it is necessary to ask for a complete cancer family history from every ovarian cancer patient. If the patient has a personal history of breast cancer, or if she has relatives with both breast and with ovarian cancer, or if she has first-degree relatives with uterine/endometrioid cancer, she should be offered DNA testing of BRCA1/2 mutations. When studying a patient's family history, it should be remembered that ovarian cancer in combination with other tumors, such as colon cancer, may suggest the presence of other types of mutations, such as HNPCC.
